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Detecting coupling of electrons to
the collective modes with ARPES

History of the
problem in HTSC

New data on BISCO samples
at (n-0) and (n- «t)



Coupling of electrons to collective modes
/phonons in a conventional superconductor 2H-NbSe2 T.~TK/
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resolved bi-layer splitting



Z.-X. Shen & J.R. Schrieffer

PRL 78, 1771 (1997)

History
peak-dip-hump structure at (7-0) is due to
the coupling to the “neutron resonance”

FIG. 5. Doping dependence of the mode energy: (a) Spectra
at (7,0) showing the decrease in the energy separation of the
peak and dip with underdoping. Peak and dip locations were
obtained by independent polynomial fits and carefully checked
for the effects of energy resolution. (b) Doping dependence of
space considerations for the coupling between the quasiparticle e C-uue(:ﬂve mode energy inferred from ARPES together WII]?
and collective excitations near (w, 7). The light shaded area that l?fen-?'d from neutr_on data (for the latter, YBCO results as
indicates the filled states, and the dark shaded area indicates the compiled in Ref. [5], Bi2212 results of Refs. [18] and [19]).
flat band region near the Fermi level.

FIG. 3. lustration of photoemission process and spectral
shape in systems with weak (a) and strong couplings [(B)
and (7,0)]. The Fermi surface picture depicts the phase
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FIG. 2. ARPES data from normal and superconducting states ‘ m- m
of underdoped Bi2212 near (w,0). As illustrated in the inset of _Mf_ﬁ_«jﬁ‘ﬁ*‘* 80 40 o
Fig. 1() is the Fermi surface crossing point along the (a,0) to  (meV) w (meV) - m
(7, ) line and it is very close to (#,0). The upper two sets of E D_
curves were recorded with 35 meV energy resolution while the FIG. 3. {(a) ImE and ReZ at (w0) from Egs. (2) and (3)
low set of curves was recorded with 20 meV energy resolution (I =200 meV, I'y=30 meV, & =32 meV, {1,=1.34). Comparison
of the data at (=,0) for (b) wide and (c) narrow energy scans with
calculations based on Eqgs. (1)-(3), with an added step edge back-
ground contribution.
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P.V. Bogdanov et al.,
PRL 85, 2581 (2000)
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FIG. 1 (color). Panel (a) shows raw data obtained using
Scienta angle mode for slightly overdoped (T, = 91 K)
Bi;Sr2CaCu, 0y along nodal direction (I'-Y) of the BZ at 33 eV
photon energy. The position of the cut is given in the inset.
Panel (b) shows the dispersion of the quasiparticle determined
from the MDC fits of the data in panel (a). The theoretical
dispersion from LDA calculation is also included (dotted
straight line). Energy is given relative to the Fermi energy.
Inset (bl) shows the dispersion along this direction obtained
at 22, 33, and 55 eV. Inset (b2) shows MDC's at 16 (blue)
and 55 (red) meV BE. Dashed lines represent Lorenzian fits.
Panels (c) and (d) show raw MDCs and EDCs, respectively.

History

/nodal direction/

A. Kaminski et al.,
PRL 86, 1070 (2001)
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phonons. . FIG. 2. ARPES data along the (w,7) direction at hy =

28 eV. (a) EDC dispersion in the normal state compared to the
MDC dispersion. The EDCs are shown in Fig. 3d. (b) MDC
dispersions in the superconducting state (7 = 40 K) and
normal state (7 = 115 K). (c) Change in MDC dispersion
from (b). (d) Kramers-Kronig transform of (c).

P.D. Johnson et al., PRL 87, 177007 (2001)
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FIG. 1 (color). Upper panels: two dimensional photoemission intensities observed from (a) underdoped (UD), (b) optimally doped
(OP), and (c) overdoped (OD) samples. The superconducting transition temperatures are indicated. Lower panels: the dotted lines
indicate the MDC deduced dispersions for both the superconducting (blue dots) and normal states (open red diamonds) corresponding
to the different samples in the panels above.




History

/theoretical work/

PDH structure at (n-0) Kink along the node
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([b A FIG. 2. Positions of the peaks in the spectral density A(k, @)
|0)| A versus k — Ky (energy dispersion) along the (0,0) — (7,0) di-
rection of the BZ calculated within the FLEX approximation.

1 1 1 This has to be compared with the position of the peaks derived

FIG. 2. Same as in Flg 1 but at strong 'couplmg. The from the momentum distribution curve (MDC) for a hole-doped
resonance and onset frequencies are I.l)resented in the text. The superconductor as measured in experiment. The curves show a

: : : “kink™ at energies about fiw = 65 = 15 meV. The dashed line
Spll'l resonance frequency ﬂ__r_‘_es x f , 18 equa] o the dlStaﬂCﬂ is a guide to the eyes. We find small changes due to supercon-

i ductivity which almost coincide with the kink position. Inset:
between the measured gap A_a“d the dlp frequency ©0- The Change in the peak position in A(k, @) in the superconduct-

hump frequency differs from A roughly by &°7. ing state (T = 0.57). The results are in fair agreement with
ARPES data [3].

Ar. Abanov & A. V. Chubukov D. Manske, |. Eremin
PRL 83, 1652 (1999) And K.H. Bennemann
PRL 87, 177005 (2001)



Recent progress in ARPES and improvements in the sample

quality enabled the direct observation of bon
and anti-bonding bands in BISCO

Hence, we had a good reason to go back
and look at PDH and kinks, particularly

e ‘ y
at (m-0), where splitting is strongesi
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FIG. 2 (color). (a) False color plot of E vs emission angle
0 for the ¢ = 7° cut [white line in Fig. 1(a)]. (b) EDC at
# = —12° from panel (a) (vertical black dashed line). Two
distinct features, A and B, can be clearly seen in this EDC.
(¢c) MDCs from panel (a) from binding energies +10 to
—60 meV, with 5 meV steps. (d) The MDC at Er (blue dots),
including a deconvolution of the main band (red line shows
the fitting result) into two Lorentzian functions A and B (green
lines) plus two corresponding features in superstructure band
(green lines) on top of a linear background (black dashed line).
(e) The energy dependence of the # value of MDC peaks A
(closed circles) and B (open circles). The error bar from the
fitting is smaller than the symbol size.

hv=20 eV

LIS
>
2
&

AL

Intenstiy (arb.units)
.
[ ] . ’
B3 b
T/ E (R (R
L{E {2

»

]
&

3

L
k

(]
]
&

o
B

e I “__,_,..JL
n-8 -8
e BB /o BB hump -
9 ,_,_,___.-AJM:Z
| i | L | |
02  -0.1 0 02 -0.1 0 -02 -0.1 (4]

Energy relative to Ef (eV)

FIG. 3. ARPES spectra taken on OD65 with He-Ie light for
(a) normal state, and (b) superconducting state. The angular
resolution is 0.56°. (c) shows selected spectra from (a) and (b).
Note that the fit of s4 is not unique. The spectra are taken along
(—0.247, 7) — (0.244r, 7), and labeled from —9 to 9 as shown
in the inset of (c).

D.L. Feng et al., PRL 86, 5550 (2001)



A Kink along the node in underdoped and

W
O % overdoped samples

Kink /S-shaped / is well—resolved above and
below T and it does't change much at transition
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Kink at (-0)
bi-layer splitting and superstructure are clearly

resolved _ _
.0 (r,n)  No sign of a kink

(m,m)

2a) in a normal r— By =

Rt&tows up only
below T
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Overdoped sample, T.=71 K
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Optimally doped sample, To=91 K
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Deconvolving peak dip hump structure due to
the strong coupling and bi-layer splitting
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Conclusions

Deconvolving bonding and anti-
bonding bands is essential for studying
coupling effects close to (n-0)

Mass enhancement at (7-0) in the
superconducting state of BISCO, along
with resolving both bands has been
observed for the first time

Data at (n,n) are consistent with the
previous studies and show kink above
and below the transition

Detailed analysis of the newly
observed kink at (7-0) will be
presented in the next talk



